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摘要 
石首鱼科（Sciaenidae）是鲈形目（Perciformes）中较大的类群，种类繁多，
全球有 70 属，270 余种。石首鱼类偏暖水性，多生活在热带和亚热带沙泥底质
的大陆架或河口等浅层水域中，少数种类生活在珊瑚礁、深海或淡水环境中。石
首鱼类的游泳能力不强，因此在分布上具有较明显的区域性。石首鱼类的经济价
值较高，部分种类是我国重要的海洋捕捞鱼类和养殖鱼类。 
石首鱼分类研究的历史悠久，国内相关研究可追溯到二十世纪三十年代，到
六十年代达到鼎盛期，但自上世纪六十年代后缺乏系统性整理，至今石首鱼科在
鉴定、分类和系统发育关系上仍然存在着争议。由于西太平洋——亚洲地区石首
鱼类化石标本的缺乏，在石首鱼科的起源、进化及扩散途径等问题上也一直没有
定论。 
本研究于 2014 年至 2017 年对中国沿海（黄海、东海、台湾海峡、南海）石
首鱼科鱼类开展了广泛的采集，进行了种类鉴定，描述和比较了每个物种的形态
特征，测定了物种的线粒体基因组全序列，分析了物种间的分子系统发育关系，
估计了物种分歧时间。主要结果如下： 
（1）通过渔获码头和农贸市场采样，结合底拖网资源调查，对中国沿海的石
首鱼类进行了采集，根据形态特征，共鉴定了石首鱼类 26 种，属于 13 个属，加
上未采集到的黄唇鱼（Bahaba taipingensis），确定中国沿海至少有石首鱼类 27 种，
隶属 14 属。针对中国沿海的 27 种石首鱼类再编了分属检索表以及属内分种检索
表。27 种石首鱼类中，叫姑鱼属（Johinus）的种类最多，有 8 种，包括上世纪
90 年代发现的 2 新种（灰鳍叫姑鱼 Johnius grypotus, 屈氏叫姑鱼 Johnius 
trewavasae）和新近发现的 1 新种（台湾叫姑鱼 Johnius sp.）。 
（2）采集了 26 种石首鱼外部形态、颏部、第一鳃弓、鳔和耳石等特征的图
像资料。根据颏部特征，可将中国沿海的石首鱼类划分为 5 种类型（六孔型、五
孔型、似五孔型、四孔型和二孔型）；根据鳔的特征，可将中国沿海的石首鱼类
划分为 10 种类型（拟石首鱼型、白姑鱼型、黄唇鱼型、黄鱼型、黑姑鱼型、牙
䱛型、毛鲿鱼型、银姑鱼型、黄姑鱼型和叫姑鱼型）；根据耳石的特征，可将可
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将中国沿海的石首鱼类划分为 7 种类型（叫姑鱼型、枝鳔石首鱼型、白姑鱼型、
黑姑鱼型、银姑鱼型、鮸鱼型和黄鱼型）。结合颏部、鳔和耳石的特征基本可以
鉴定到属。 
（3）获得了 11 种石首鱼类的线粒体基因组全序列。其中非叫姑鱼属种类的
线粒体 DNA 序列全长为 16408~16842bp，包括 13 个蛋白质基因、2 个 rRNA 基
因、22 个 tRNA 基因和 2 个主要的非编码区。ND6 与 8 种 tRNA 基因（tRNA-
Gln、-Ala、-Asn、-Cys、-Tyr、-Ser(UCN)、-Glu 和-Pro）由 L 链编码，其余基因由
H 链编码，在线粒体 DNA 结构和碱基组成上均与脊椎动物线粒体 DNA 的一般
特点相一致，在碱基组成上表现出反 G 偏倚；叫姑鱼属种类的线粒体 DNA 序列
全长为 18073~19468bp，从 tRNA-Thr 起始到 tRNA-Leu（UAA），这一包括 tRNA-Pro、
Dloop、tRNA-Phe、12S rRNA、tRNA-Val 和 16S rRNA 基因的序列片段中存在情形
不一的基因重排现象，在碱基组成上表现出较强的反 A 偏倚。 
（4）分子系统发育的研究结果证实了石首鱼科的单系性，石首鱼科内梅童鱼
属（Collichthys）、叫姑鱼属（Johnius）、黄鱼属（Larimichthyes）、黄姑鱼属（Nibea）
和银姑鱼属（Pennihia）均具有单系性。在聚类分析上，中国的 27 种石首鱼类可
分为三个主要分支。第一分支包括日本白姑鱼（Argyrosomus japonicus）和眼斑
拟石首鱼（Sciaenops ocellatus），表明日本白姑鱼可能拥有不同于印度-西太平洋
石首鱼类的起源；第二分支包括黄唇鱼、鮸鱼（Miichthys miiuy）、梅童鱼属和黄
鱼属；第三分支包括 19 种石首鱼类，在该分支内，黑姑鱼（Atrobucca nibe）、红
牙䱛（Otolithes ruber）处在外围，双棘毛鲿（Megalonibea diacantha）、尖头黄鳍
牙䱛（Chrysochir aureus）和银姑鱼属形成一个次级支系，黄姑鱼属、勒氏枝鳔
石首鱼（Dendrophysa russelii）和叫姑鱼属形成一个次级支系。 
（5）物种分歧时间分析推断了中国沿海石首鱼科起源于 2.741~2.421 千万年
前的晚渐新世（Late Oligocene），上述的第一分支和第二、第三分支产生分化的
时间估计在约 2.124 千万年前，第二分支和第三分支的分化估计在约 1.896 千万
年前。通过和化石标本时间的对比，表明印度-西太平洋石首鱼类的分化要晚于
大西洋的石首鱼类，支持新大陆是石首鱼类起源地的观点。中国沿海石首鱼类的
各属内分化都发生在中新世中期（Middle Miocene），银姑鱼属和叫姑鱼属的属内
分化时间较早，黄姑鱼属、梅童鱼属和黄鱼属的属内分化时间较晚。研究推断，
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灰鳍叫姑鱼、屈氏叫姑鱼和台湾叫姑鱼的种间分化发生的时间最晚，发生在第四
纪更新世（Pleistocene）。 
 
关键词：鉴定；分类；系统发育；石首鱼科 
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Abstract 
The family Sciaenidae, commonly known as croakers and drums, is a large 
taxonomic group in the order Perciformes, comprising about 270 species in 70 genera 
in the world. The sciaenids are commonly found in shallow coastal waters of tropical 
to temperate seas, estuaries and rivers, occurring abundantly over sandy or muddy 
bottom. A few species are found in other regions like coral reefs, deep sea or 
freshwater. Because of lacking strong swimming ability, most Sciaenidae species 
distribute regionally. The sciaenids usually are commericially important, and some 
species are important in capture and aquaculture fisheries in China. 
Chinese researches on sciaenids can date back to the 1930s and reached its 
prosperous time in the 1960s. To date the identification and inter-generic relationships 
of this taxonomic group remain controversial because of the limitation of traditional 
taxonomy and the lack of comprehensive review. No croakers’ fossil sample was 
found in Asia, the West-Pacific region, thus the origins, evolution and dispersal 
patterns of the Sciaenidae also remain controversial. 
The present study collected sciaenids’ specimen along coastal waters of China 
during 2014-2017 covering the Yellow Sea, the East China Sea, the Taiwan Strait and 
the South China Sea; identified Sciaenidae species, described and compared the 
morphological characters among different species; obtained the mitochondrial 
genomes of the sciaenids; analysed phylogenic relationships of Sciaenidae species and 
estimated the divergence time of the Sciaenidae. 
The main results were addressed as below: 
(1) Based on the combination of sampling from fishing ports, wet markets and 
bottom trawling surveys, totally 26 sciaenid species were identified and arranged into 
13 genera based on morphological characters. In addition to the valid species Bahaba 
taipingensis which was not collected by this study, there are 27 Sciaenidae species 
belonging to 14 genera in coastal waters of China. New keys to the genera of 
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Sciaenidae and to the species of every genus were composed. Among 27 sciaenid 
species, the genus Johnius has the highest diversity with 8 species, including J. 
grypotus and J. trewavasae which were identified in the 1990s, and one new species 
in the genus of Johnius (Johnius sp.). 
(2) External morphology, mental pores, gill raker, swim-bladder and otoliths of 
26 sciaenids were documented through photo capture. Based on characteristics of 
mental pores, sciaenid species were divided into 5 forms (Six pored-form, Five pored-
form、Flase five pored-form、Four pored-form and Two pored-form); Based on 
characteristics of swim-bladder, sciaenid species were divided into 10 forms 
(Sciaenops-form, Argyrosomus-form, Bahaba-form, Larimichthys-form, Atrobucca-
form, Otolithes-form, Megalonibea-form, Pennahia-form, Nibea-form and Johnius-
form); Based on characteristics of otoliths, sciaenid species were divided into 7 forms 
(Johnius-form, Dendrophysa-form, Argyrosomus-form, Atrobucca-form, Pennahia-
form, Miichthys-form and Larimichthys-form). 
(3) Complete mitochondrial genomes of 11 sciaenids were analysed in this study. 
Mitogenomes of species of non- Johnius genera followed the typical vertebrate 
canonical organizations, having a length from 16408~16842bp, comprising 13 protein 
coding genes, 2 rRNA genes and 2 main nocoding regions. ND6 and 8 tRNA genes 
(tRNA-Gln, -Ala, -Asn, -Cys, -Tyr, -Ser (UCN), -Glu and -Pro) are coded in the L chain, 
other genes are coded in the H chain. A nucleotide bias against G was found in species 
of non- Johnius genera. Mitogenomes of species of the genus Johnius have a length 
from 18073~19468bp, the phenomenon of gene rearrangement occurred in the 
sequence between tRNA-Thr to tRNA-Leu
（UAA）(containing tRNA-Pro, Dloop, tRNA-
Phe, 12S rRNA, tRNA-Val and16S rRNA). A nucleotide bias against A was found in 
species of the genus Johnius. 
 (4) Monophyly of the family Sciaenidae and monophyly of the genera 
Collichthys, Larimichthys, Johnius and Nibea are well supported by the phylogenetic 
tree. Three main branches are detected. Argyrosomus japonicus and Sciaenops 
occelatus formed the first branch which was placed distantly to other sciaenids in 
Indo-West Pacific, indicating that Argyrosomus japonicus may have different origin. 
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Bahaba taipingensis, Miichthys miiuy, the genera Collichthys and Larimichthys 
clustered in the second branch. The third branch was formed by 19 species. In the 
third branch, Atrobucca nibe and Otolithes ruber were placed outside other 17 
species. Megalonibea diacantha, Chrysochir aureus and the genus Pennahia formed a 
sub-branch, the genus Nibea, Dendrophysa russelii and the genus Johnius formed 
another sub-branch. 
 (5) The origin of the family Sciaenidae was estimated at 27.41~24.21 million 
year ago (MYA) (Late Oligocene) in this study. The divergence time between the first 
branch and other branches was estimated to be 24.21 MYA (Late Oligocene) while the 
divergence time between the second and the third branch was estimated to be 18.96 
MYA (Early Miocene). It is indicated that divergence of sciaenids in Indo-West 
Pacific was occurred after the divergence of Atlantic species, and the hypothesis 
which considers New World as the origin of the Sciaenidae is supported by this study. 
Existing croakers in coastal waters of China was estimated to be diverged at Middle 
Miocene. Divergence time in the genus Pennahia and the genus Johnius was 
estimated to be earlier than in the genus Nibea, the genus Collichthys and the genus 
Larimichthys. The latest divergence occurried between Johnius grypotus, Johnius 
trewavasae and a new recorded species, Johnius sp., which may occurred at 1.66 
MYA (Pleistocene). 
 
Key words: Identification; Classification; Phylogeny; Sciaenidae 
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第一章 绪论 
1.1 石首鱼科形态学分类领域的系统发育研究概况 
石首鱼类的分类研究拥有悠久的历史。早在 1758 年，Linnaeus 在《Systema 
Naturae》中记录了石首鱼类 1 属（Sciaena）5 种，分别是 S. cappa、S. cirrhosa、
S. lepisma、S. umbra 和 S. unimaculata （Linnaeus, 1758）。经过两百多年的研究，
现今全球共发现石首鱼科鱼类约 70 属 270 种（Nelson 2006）。 
1.1.1 石首鱼类形态学分类依据研究发展史 
石首鱼类的形态分类依据包括颏部特征、鳔特征、耳石特征、骨骼特征、口
部特征等，采用的分类方法也是随时间而不断发展。 
1.1.1.1 颏部特征 
颏部特征包括颏须、颏孔。Cuvier 和 Valenciennes 在《Histoire Naturelle Des 
Poissons》（Volume 5）中首次根据有无颏须将所叙述的 15 属的石首鱼类分为有
须和无须两大类群（Cuvier & Valenciennes, 1830）。其中有须石首鱼类 4 属，分
别为双须石首鱼属（Lonchurus）、细须石首鱼属（Micropogon）、多须石首鱼属
（Pogonias）和单须石首鱼属（Umbrina）；Günther 在《Catalogue of the Fishes of 
the British Museum》（Volume 2）中也将石首鱼类分为有须和无须两大类群
（Günther, 1860）；朱元鼎等在《中国石首鱼类分类系统的研究和新属新种的叙
述》中对颏孔的数目、分布、形态等特征做了详尽的描述，并划分为白姑鱼型
（Argyrosomus-form）、叫姑鱼型（Johnius-form）、鮸鱼型（Miichthys-form）、牙
䱛型（Otolithes-form）和石首鱼型（Sciaena-form）、五种式型（朱元鼎等，1963）。 
1.1.1.2 鳔的特征 
Cuvier 和 Valenciennes 在《Histoire Naturelle Des Poissons》（Volume 5）中描
述了部分石首鱼类鳔的形状和分枝，为日后鳔的形态特征研究奠定了基础
（Cuvier & Valenciennes, 1830）；Day 在《Fishes of India》中把产自印度的石首鱼
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